We examine the Ξ Q -Ξ ′ Q mixing and heavy baryon masses in the heavy quark effective theory with the 1/m Q corrections. In the conventional baryon assignment, we obtain the mixing angle cos 2 θ = 0.87 ± 0.03 in virtue of the GellMann−Okubo mass relation. On the other hand, if we adopt the new baryon assignment given by Falk, the allowed region of the Σ c mass is upper from 2372MeV.
The heavy quark effective theory(HQET) is an efficient approach to investigating the properties of hadrons containing a single heavy quark Q [1, 2] . One of the most important application will be to the semileptonic decay of hadrons with a heavy flavor.
In particular, this effective theory leads to the model independent determination of the Kobayashi-Maskawa matrix [3] element |V cb | by use of experimental data for the semileptonic decay B → D * ℓν ℓ [4] . On the other hand, heavy hadron mass spectra have been studied in the HQET by taking account of 1/m Q corrections [5] . In the heavy quark symmetry limit, the total spin of the heavy hadron J and the spin of the light degrees of freedom s ℓ (i.e., the angular momentum of the light degrees of freedom in the heavy quark rest frame) are separately conserved under the strong interactions, because the heavy quark spin s Q decouples from the hadron dynamics.
The hadron containing a heavy quark is the simultaneous eigenstate of the energy, the total angular momentum-parity J P and the spin-parity of the light degrees of freedom s P ℓ . Therefore, the heavy hadrons can be classified by s P ℓ instead of the relative internal orbital angular momentum [6] . At infinite quark mass limit(i.e., Λ QCD /m Q → 0), the states with the same s P ℓ degenerate. By incorporating the effect of the 1/m Q correction, this degeneracy is resolved. In this case the mixing between two states with a same total spin-parity is unavoidable in general since they are no longer eigenstates of s P ℓ . For instance, Ξ Q and Ξ ′ Q mix with each other. In this paper, we discuss the Ξ Q -Ξ ′ Q mixing and heavy baryon mass spectra in the both cases of the conventional assignment and the new assignment given by Falk [7] .
The HQET Lagrangian with 1/m Q corrections is
where v is the four velocity of the heavy quark h, Z Q is a renormalization factor and G µν is the gluon field strength [8] . Neglecting the higher order corrections, we have a heavy hadron mass formula
whereΛ is the energy of the light degrees of freedom in the hadron. Two 1/m Q correction coefficients are given by the matrix elements
and
where d H is the Clebsch-Gordan factor.
Let us apply the heavy hadron mass formula (2) and I = 1(0) is not allowed due to the antisymmetrization of the wave function of the baryon. These baryon masses are given by
In this paper, the symbols which represent the baryon states in equations stand for their masses.
If both of two light quarks are s quarks, there are two baryon states (i.e., Ω Q and Ω * Q ) with s 
An attention should be paid when we apply the mass formula to the Ξ Q , Ξ ′ Q and Ξ * Q baryons whose valence quarks are q, s and Q. In the heavy quark limit, the spinparity of the light degrees of freedom of these baryons is s 
We may consider that the mixing angle θ is a function of Λ QCD /m Q and that it becomes to zero at m Q → ∞. So the masses of Ξ Q , Ξ ′ Q and Ξ * Q baryons are given by
In this paper, we treat charmed baryons because among bottom baryons only the Λ b baryon is confirmed experimentally [9] . First we discuss the case of the conventional assignment for the heavy baryons, in which measured charmed baryon masses are assigned as Λ c = 2285 ± 1MeV [9] , Σ c = 2453 ± 1MeV [9] , Σ * c = 2530 ± 7MeV [9] ,
,
From eq.(14) the mixing angle becomes
At present, it is difficult to determine the mixing angle definitely due to the large experimental errors. Here we introduce an additional condition
which is the so-called Gell-Mann−Okubo mass relation. This implies that
Substituting the measured mass values into eq. (17), we find that the left hand side of this equation is 124 ±3MeV while the right hand side is 114 ±9MeV. Thus this relation is consistent with the data. In virtue of the relation (16), we can obtain a sum rule for heavy baryon masses
The left hand side of this equation is 95 ±16MeV. On the other hand, the second factor of the right hand side is 127 ± 21MeV. This leads to the value of the mixing angle
which is consistent with (15). In order to determine the value of the mixing angle, the accurate measurement of the Ξ ′ c mass is expected. Next let us turn our attention to the Falk's assignment in which the observed Σ c (2453) is regarded as the Σ * c state [7] . The advantage of this assignment is the fact that we can solve the Σ b − Σ * b mass problem † . In this assignment, the Σ c state is unknown. From eq. (14), we get
If the Gell-Mann−Okubo mass relation is assumed in order to estimate the Σ c mass,
we obtain Σ c = 2318MeV, which contradicts with the above lower bound. Therefore we can not assume the Gell-Mann−Okubo mass relation as long as we employ the Falk's assignment.
In this paper, the heavy baryon mass spectra is discussed by taking account of the Ξ Q -Ξ ′ Q mixing. In the conventional assignment for charmed baryons, we will be able to determine the mixing angle if the Ξ ′ c mass will be measured more accurately in future experiments. In this assignment, the Gell-Mann−Okubo mass relation is effective. On the other hand, the Falk's new assignment, which is inconsistent with the mass relation, Leads to the allowed Σ c mass region, Σ c > 2372MeV. † We can obtain the relation 
